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Heavy metals in edible mushroom Boletus reticulatus 
Schaeff. collected from Zrin mountain, Croatia
Abstract
Background and Purpose: Trace element contents in genus Boletus 
from Croatia are very limited. The aim of this study is to give detailed trace 
element concentrations in ectomychorrhizal edible mushroom Boletus re-
ticulatus from Zrin mountain.
Material and Method: Fruiting bodies of the Boletus reticulatus were 
collected in a study area of Zrin mountain (Croatia). The contents of Cd, 
Cr, Cu, Fe, Hg, Ni, Pb and Zn in fruiting bodies of ectomychorrhizal species 
were carried out by atomic adsorption spectrometry.
Results and Conclusions: The results showed that concentrations of the 
studied elements decreased in order: Zn (91,31 mg kg–1) > Fe (57,27 mg kg–1) 
> Cu (13,80 mg kg–1) > Pb (4,20 mg kg–1) > Ni (2,67 mg kg–1) > Cr (2,52 
mg kg–1) > Hg (2,38 mg kg–1) > Cd (1,66 mg kg–1). The essential elements 
in fruiting bodies of Boletus reticulatus were much higher than those of 
toxic elements. The possibility of toxicological effects on human health con-
sumption of investigated species (Boletus reticulatus) is negligible.
INTRODUCTION
Wild growing mushrooms are a popular and favourite delicacy in many countries in the world. The consumption and collecting of 
wild edible mushrooms is increasing, due to a good content of proteins 
as well as a higher content of minerals (1).  As in other countries, picking 
mushrooms has become a national hobby in Croatia. Zrin mountain is 
one of the richest edible mushrooms resources in Croatia, especially with 
genus Boletus. It is a place that was hard affected by the war, and there 
may be increased concentrations of same heavy metals in mushrooms. 
Investigated species from genus Boletus is used as a food in Croatia. 
After that, mushrooms have been also reported as therapeutic foods, 
useful in preventing diseases such as hypertension, hypercholesterol-
emia, and cancer in China (2, 3). These functional characteristics are 
mainly due to their chemical composition (4). However, data on trace 
element content in genus Boletus from Croatia are very limited and 
fragmentary. Compared with cultivated mushrooms, the trace element 
contents in the wild growing species are high and species dependent (5, 
6, 7, 8, 9, 10). Extensive research has been carried out on trace elements 
for searching edible wild growing species accumulating high levels of 
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Cadmium, chromium, copper, iron, mercury, nickel, 
lead zinc were chosen as representative trace metals whose 
levels in the environment represent a reliable index of en-
vironmental pollution. Metals such as iron, copper and 
zinc are essential metals since they play an important role 
in biological systems, whereas cadmium, mercury and 
lead are non-essential metals as they are toxic even in 
traces (14). The essential metals can also produce toxic 
effects when the metal intake is excessively elevated (15, 
16).
Boletus reticulatus is an ectomychorrhizal edible mush-
room, which is very popular in Croatia. It usually grows 
up under the mixed deciduous coniferous forests, espe-
cially in symbiosis with oak (Quercus sp.), beech (Fagus 
sylvatica), hornbeam (Carpinus betulus) and chestnut (Cas-
tanea sativa). The fruiting body of Boletus reticulatus con-
sists of cap and stipe. The cap with brown in colour is 8 
to 30 cm in diameter. The stipe with light brown colour 
is from 5 up to 20 cm tall (17). This species has been 
traditionally eaten by some mushroom fanciers because 
of its delicious and delicate textures. However, little is 
known about trace element in Boletus reticulatus in Croa-
tia. In this study, the concentrations of eight trace ele-
ments in the fruiting bodies of B. reticulatus from Zrin 
mountain (Croatia) were determined. 
MATERIAL AND METHODS
The study included forty-seven samples (n = 47) of 
edible mushrooms Boletus reticulatus Schaeff. Fruiting 
bodies were collected during the extraordinarily humid 
autumn of 2012 (October and November) in a study area 
of Zrin mountain (Croatia) (Fig. 1). The study areas in-
cluded forest distant from the sources of industrial pollu-
tion. These samples were thoroughly cleaned (not washed), 
cut and dried at 60 °C for 48h until the samples reached 
a constant weight. After that samples were powered at the 
laboratory mill (Retsch SM 200) through mesh in diam-
eter 0,5 mm. Four sample replications of the resulting 
were stored in hermetic plastic bags. 
Heavy metals were determined in each dried fruiting 
bodies samples by AAS – Atomic Absorption Spectrom-
etry (SOLAR-THERMO SCIENTIFIC, Type M5 AA 
System). 0,5 g powered dry samples were weight into glass 
beakers. 6 ml HNO3 and 1 ml HClO4 were added to the 
samples. The prepared mixture was burned in a micro-
wave oven and then cooled in a digester. After cooling, 
digested samples were diluted to 50 ml using deionized 
water, and stored in 50 ml flasks until analysis. The con-
tents of heavy metals in the solution were directly read on 
AAS – Atomic Adsorption Spectrometer. The AAS anal-
ysis analyses were conducted in an accredited (ISO 
17025:2009) laboratory.
Heavy metals levels in the samples were calculated by 
the following formula: 
mg metal/kg dry weight = (AV )/W;
where A = µg/l of metal, V = dilution volume of sample, 
l, and W = dry weight of sample, g.
The data obtained were analyzed by statistical program 
SAS V9.1
RESULTS
  All examined elements contents were determined on 
a dry weight of fruiting body. The results showed that, 
among these elements, Zn (14,30 – 147,20 mg kg–1) and 
Fe (23,54 – 93,20 mg kg–1) had the highest concentra-
Table 1
Trace element content (mg kg–1, dry weight basis) in B. reticulates.
Element Mean ± S.D. Min. Max.  CV%
Cadmium – Cd 1.66 ± 0.28 1.22 2.47 16.64
Chromium – Cr 2.52 ± 0.18 2.15 2.78 7.11
Cooper – Cu 13.80 ± 7.33 4.76 23.11 53.14
Iron – Fe 57.27 ± 22.95 23.54 93.20 40.08
Mercury – Hg 2.38 ± 0.37 1.58 3.67 15.84
Nickel – Ni 2.67 ± 0.51 2.10 3.74 19.14
Lead – Pb 4.20 ± 0.91 2.90 6.31 21.56
Zinc – Zn  91.31 ± 36.68 14.30 147.20 40.17
Mean ± S.D. – Mean value ± Standard deviation; Min. – Minimum value; Max. – Maximum value; CV – Coefficient of variation.
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tions followed by Cu (4,76 – 23,11 mg kg–1), Pb (2,90 – 
6,31 mg kg–1), Ni (2,10 – 3,74 mg kg–1), Cr (2,15 – 2,78 
mg kg–1), Hg (1,58 – 3,67 mg kg–1), while Cd (1,22 – 2,47 
mg kg–1) was found to have the lowest contents (Table 1)
DISCUSSION
Cadmium is a highly toxic element and its presence in 
the mushrooms is well known, including the edible fungi. 
It has been probably the most determined trace element 
of mushrooms. As reported (18), content of cadmium in 
mushrooms of the genus Boletus were between 0,54 (B. 
erythropus) and 4,39 mg kg–1 (B. pinophilus). Kalac and 
Svoboda, (19), reported that the Cd concentration of the 
mushrooms of the genus Boletus in the range from 1 to 2 
mg kg–1. Cadmium levels were found to be in agreement 
with contents reported in the literature (13).
Minimum and maximum values of chromium found 
were 0,89 mg kg–1 in Boletus aureus (20) and 4,2 mg kg–1 
in Boletus pinophilus (9) in the literature, respectively. The 
chromium contents in our samples were found to be 
lower than concentrations reported by (9) in Boletus aes-
tivalis species.
Copper values in some species of genus Boletus samples 
from unpolluted areas are between 20 and 75 mg kg–1 
(13). The copper contents obtained in this study were 
lower than those reported in the literature.
Mostly, Fe concentrations are in the range from 50 to 
150 mg kg–1 depending on the species (13, 21, 22, 23). 
However, extraordinarily high Fe content (1304 – 2075 
mg kg–1) was found in Suillus variegatus (24). Our iron 
values are in agreement with contents between 50 and 150 
mg kg–1 reported in the literature (13).
Mercury values in genus Boletus samples have been 
reported in the ranges of 1 to 2 mg kg–1 (25), 2 to 5 mg 
kg–1 (26, 27), and from 5 to 10 mg kg–1 (28). The analysis 
of Szynkowska et al., (26) and Melgar et al. (27) were 
similar with the data in this study.
The lower nickel value (1.61 mg kg–1) was found in 
Boletus aureus (20) whereas the higher nickel value (5.96 
mg kg–1) was found in Boletus chrysenteron (29). The nick-
el levels in our works are in agreement with literature 
values.
Lead is especially toxic to the growing brain and can 
affect the behavioral development of the children, even at 
the low concentration. Garcia et al. (8) found low concen-
trations Pb < 1 mg kg–1 for ectomycorrhizal fungi Boletus 
reticulatus. In our work we detected means values Pb of 
4,20 mg kg–1 for B. reticulatus, which fluctuated between 
2,90 and 6,31 mg kg–1. 
Zinc is an element which plays an important role in 
human nutrition a metabolism. Zinc values in samples of 
genus Boletus have been reported to be in the ranges be-
tween 50 and 350 mg kg-1 (6, 20, 24, 30, 31, 32). The 
values of Zn in this study were in the presented range.
CONCLUSIONS
Wild growing mushrooms have been a widely con-
sumed delicacy in many countries of central, eastern and 
south-eastern Europe. The present results are based on 
analyses of samples originated from unpolluted areas Zrin 
mountain, Croatia. The essential elements (Zn, Fe and 
Cu) in samples of this mushrooms Boletus reticulatus were 
much higher than those of toxic elements. The toxic ele-
ments (Cd, Hg, Pb) concentrations in analyzed samples 
can be considered sufficiently low. It can be concluded 
that the consumption of mushroom Boletus reticulatus can 
not be considered as a toxicological risk form Cd, Hg and 
Pb content for human. 
REFERENCES
  1.  AGRAHAR-MURUGKAR D, SUBBULAKSHIMI G 2005 Nu-
tritional value of edible wild mushrooms collected from the Khasi 
hills of Meghalaya. Food Chemistry 89 (4): 599–603
  2.  LI T H, SONG B 2002 Species and Distributions of Chinese Ed-
ible Boletes. Acta Edulis Fungi 9: 22–30
  3.  ZHOU L X, YIN J Z 2008 Analysis and evaluation of nutritional 
values of the edible wild growing Bolete mushrooms from Yunnan. 
Edible Fungi 30: 61–62
  4.  MANZI P, AGUZZI A, PIZZOFERRATO L 2001 Nutritional 
value of mushrooms widely consumed in Italy. Food Chemistry 73: 
321–325
  5.  SVOBODA L, ZIMMERMANNOVA K, KALAC P 2000 Con-
centrations of mercury, cadmium, lead and copper in fruiting bod-
ies of edible mushrooms in an emission area of a copper smelter 
and a mercury smelter. The Science of the Total Environment 246: 
61–67
Figure 1.  Area of the sampling of Boletus reticulatus in Zrin moun-
tain, Croatia.
I. Širić et al. Heavy metals in edible mushroom Boletus reticulatus
322 Period biol, Vol 116, No 3, 2014.
  6.  ALONSO J, GARCIA M A, PEREZ-LOPEZ M, MELGAR M J 
2003 The concentrations and bioconcentration factors of copper 
and zinc in edible mushrooms. Archives of Environmental Con-
tamination and Toxicology  44: 180–188
  7.  ITA B N, ESSIEN J P, EBONG G A 2006 Heavy metal levels in 
fruiting bodies of edible and non-edible mushrooms from the Ni-
ger Delta region of Nigeria. Journal of Agriculture and Social Sci-
ences 2: 84–87
  8.  GARCIA M A, ALONSO J, MELGAR M J 2009 Lead in edibl-
emushrooms. Levels and bioaccumulation factors. Journal of Haz-
ardous Materials 167: 777–783
  9.  GARCIA M A, ALONSO J, MELGAR M J 2013 Bioconcentra-
tion of chromium in edible mushrooms: Influence of environmen-
tal and genetic factors. Food and Chemical Toxicology 58: 249–254 
10.  PETKOVSEK S S, POKORNY B 2013 Lead and cadmium in 
mushrooms from the vicinity of two large emission sources in Slo-
venia. Science of the Total Environment 443: 944–954
11.  FALANDYSZ J, KUNITO T, KUBOTA R, GUICA M, MAZUR 
A, FALANDYSZ J J, TANABE S 2008 Some mineral constituents 
of parasol mushroom (Macrolepiota procera). Journal of Environ-
mental Science and Health Part B 43: 187–192
12.  KALAC P 2009 Chemical composition and nutritional value of 
European species of wild growing mushrooms: A review. Food 
Chemistry 113: 9–16
13.  KALAC P 2010 Trace element contents in European species of wild 
growing edible mushrooms: A review for the period 2000–2009. 
Food Chemistry 122: 2–15
14.  UNAK P, LAMBRECHT F Y, BIBER F Z, DARCAN S 2007 
Iodine measurements by isotope dilution analysis in drinkingwater 
in Western Turkey. Journal of Radioanalytical and Nuclear Chem-
istry 273: 649–651
15.  AL-KHALAIFAT A L, AL-KHASHMAN O A 2007 Atmospher-
ic heavy metal pollution in Aqaba city, Jordan using Phoenix dac-
tylifera L. leaves. Atmospheric Environment 41: 8891–8897
16.  GOPALANI M, SHAHARE M, RAMTEKE D S, WATE S R 
2007 Heavy metal content of potato chips and biscuits from Nag-
pur city, India. Bulletin of Environmental Contamination and 
Toxicology 79: 384–387
17.  BOZAC R 2008 Encyclopedia of mushrooms 2. Publisher: Školska 
knjiga, Zagreb, p 292–293
18.  COCCHI L, VESCOVI L, PETRINI L E, PETRINI O 2006 
Heavy metals in edible mushrooms in Italy. Food Chemistry 98: 
277–284
19.  KALAC P 2001 A review of edible mushroom radioactivity. Food 
Chemistry 75: 29–35
20.  OUZUNI P K, PETRIDIS D, KOLLER W D, RIGANAKOS K 
A 2009 Nutritional value and metal content of wild edible mush-
rooms collected from West Macedonia and Epirus, Greece. Food 
Chemistry 115: 1575–1580
21.  FALANDYSZ J, SZYMCZYK K, ICHIHASHI H, BIELAWSKI 
L, GUCIA M, FRANKOWSKA A, YAMASAKI S I 2001 ICP/
MS and ICP/AES elemental analysis (38 elements) of edible wild 
mushrooms growing in Poland. Food Additives and Contaminants 
18: 503–513
22.  NIKKARINEN M, MERTANEN E 2004 Impact of geological 
origin on trace element composition of edible mushrooms. Journal 
of Food Composition and Analysis 17: 301–310
23.  RUDAWSKA M, LESKI T 2005 Macro- and microelement con-
tents in fruiting bodies of wild mushrooms from the Notecka for-
est in west-central Poland. Food Chemistry 92: 499–506
24.  BOROVICKA J, RANDA Z 2007 Distribution of iron, cobalt, 
zinc and selenium in macrofungi. Mycological Progress 6: 249–259
25.  ZARSKI T P, ZARSKA H, ARKUSZEWSKA E, VALKA J, SO-
KOL J, BESEDA I 1999 The bioindicative role of mushrooms in 
the evaluation of environmental contamination with mercury com-
pounds. Ekologia (Bratislava) 18: 223–229
26.  SZYNKOWSKA M I, PAWLACZYK A, ALBINSKA J, PARYJC-
ZAK T 2008 Comparison of accumulation ability of toxicologi-
cally important metals in caps and stalks in chosen mushrooms. 
Polish Journal of Chemistry 82: 313–319
27.  MELGAR M J, ALONSO J, GARCIA M A 2009 Mercury in 
edible mushrooms and underlying soil: Bioconcentration factors 
and toxicological risk. Science of the Total Environment 407: 5328–
5334
28.  ALONSO J, SALGADO M J, GARCIA M A, MELGAR M J 
2000 Accumulation of mercury in edible macrofungi: Influence of 
some factors. Archives of Environmental Contamination and Toxicol-
ogy 38: 158–162
29.  YAMAC M, YILDIZ D, SARIKURKCU C, CELIKKOLLU M, 
SOLAK M H 2007 Heavy metals in some edible mushrooms from 
the Central Anatolia, Turkey. Food Chemistry 103: 263–267
30.  BLANUSA M, KUCAK A, VARNAI V M, SARIC M M 2001 
Uptake of cadmium, copper, iron, manganese, and zinc in mush-
rooms (Boletaceae) from Croatian forest soil. Journal of AOAC 
International 84: 1964–1971
31.  GENCCELEP H, UZUN Y, TUNCTURK Y, DEMIREL K 
2009 Determination of mineral contents of wild-grown edible 
mushrooms. Food Chemistry 113: 1033–1036
32.  TUZEN M, SESLI E, SOYLAK M 2007 Trace element levels of 
mushroom species from East Black Sea region of Turkey. Food 
Control 18: 806–810
